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INTRODUCTION {#s1}
============

Colorectal cancer (CRC) is a common cancer that results in outstanding morbidity and mortality worldwide. It is the second leading cause of cancer mortality, and accounts for over 600000 deaths annually.^[@R1]^ It is estimated that the global CRC rates will double over the next two decades because of a growing increase in the incidence of the disease in the developing countries.^[@R2]^ According to the Iranian Annual National Cancer Registration Report, CRC is the third most common cancer in Iranian women and fifth in men. Its incidence has increased during the last 25 years dramatically.^[@R3]^

CRC is developed because of genetic and epigenetic aberrancies that are gained during life (environmental, lifestyle), inherited, or both.^[@R4]^ The discovery of global DNA hypomethylation in human tumors was followed by the identification of hypermethylated tumor-suppressor genes and recently, inactivation of microRNA (miRNA) by DNA methylation.^[@R5]^ Methylated genes are interesting tumor markers because of their relatively high methylation frequency in neoplasms. They have predictable regions, CpG (cytosine-guanine) islands, in their promoters to become targeted with molecular assays, offering a screening method for cancer.^[@R6]^

Screening for CRC in asymptomatic patients can reduce the incidence and mortality of cancer. In the United States, colonoscopy has become the most commonly used screening test.^[@R7]^ Although, it has the highest specificity and sensitivity for CRC and adenoma detection, it has the lowest patient compliance rate due to the need of bowel preparation. Additional limitations of colonoscopy are the required expertise, as well as higher costs, invasiveness, availability, and infrequently adverse events resulting from the procedure itself.^[@R8]^ An emerging approach to cancer screening involves the assay of tumor-specific DNA alterations presented as CRC genetic biomarkers in bodily fluids from patients with cancer, such as blood, stool, serum, and urine. Genetic biomarkers are beginning to come into routine practice in the management of CRC.^[@R9]^ Recently, a significant advance in the screening and care of patients with CRC have been developed by biomarkers, which could accurately identify patients at-risk for CRC development whom might benefit from early and/or more frequent surveillance for the disease.^[@R10]^ Blood-based screening techniques offer a new diagnostic tool for benign and malignant colorectal lesions.^[@R8]^ Detection of methylation markers in stool also provides a promising approach for non-invasive screening of colorectal neoplasms.^[@R6]^

In the present study, we studied the methylation status of one of the most important tumor suppressors, bone morphogenetic protein 3 (BMP3) gene, in tissue samples from patients with CRC obtained from colorectal surgery, using methylation-specific polymerase chain reaction. In the case of tissue BMP3 hypermethylation, the BMP3 DNA methylation status of bodily fluids such as blood, stool, serum, and urine from patients with cancer, may be an attractive target for future development of a detection assay for CRC among Iranian population.

MATERIALS AND METHODS {#s2}
=====================

Clinical Sample Collection {#s2-0-1}
--------------------------

Samples included 30 fresh frozen cancerous and 30 adjacent normal tissues obtained from the patients with CRC with no underlying disease who had no therapeutic treatment and underwent surgery in three hospitals in Mashhad (Imam Reza, Ghaem, and Omid hospitals) located in the northeast of Iran. Pathology slides from the surgical resection were recalled to confirm the diagnosis of CRC. Inclusion criterion was primary CRC patients (all stages of disease) and exclusion criteria were insufficient or unavailable tumor tissue sample, insufficient clinical information, and family history of CRC. Clinical and pathological features of the patients were extracted from medical records and tumor staging was determined on the basis of the tumor node metastasis (TNM) classification. Study characteristics of these patients are presented in [table 1](#T1){ref-type="table"}. Approval of this study was obtained from our local ethics committee, Mashhad University of Medical Sciences, Mashhad, Iran.

###### Clinical characteristics of the studied subjects

  --------------------- ------------------------ -------------
  **Age (Mean ± SD)**   **53.4 ± 13.71 years**   
  Sex                   Female                   14 (46.66%)
  Male                  16 (53.33%)              
  Grade                 1                        12 (40 %)
  2                     18 (60%)                 
  3                     0 (0%)                   
  Location              Proximal                 4 (13.33%)
  Distal                26 (86.66%)              
  Stage                 I                        3 (10%)
  IIA                   20 (66.66%)              
  IIIA                  0 (0%)                   
  IIB                   3 (10 %)                 
  IIIB                  2 (6.66 %)               
  IIIC                  2 (6.66%)                
  T                     1                        1 (3.33%)
  2                     4 (13.33%)               
  3                     22 (73.33%)              
  4                     3 (10%)                  
  N                     0                        21 (70%)
  1                     6 (20%)                  
  2                     3 (710%)                 
  --------------------- ------------------------ -------------

T: the size of the primary tumor and whether it has invaded nearby tissue,

N: regional lymph nodes that are involved. (TNM Classification of Malignant Tumors)

DNA Isolation from Tissue Samples {#s2-0-2}
---------------------------------

DNA was isolated from (20 mg) colonic tissues by the use of GeNet Bio tissue kit (Daejeon, Korea) according to the manufacturer's protocol and quantified using Thermo Scientific NanoDrop 1000.

Bisulfite Modification {#s2-0-3}
----------------------

DNA was chemically modified by sodium bisulfite to convert all unmethylated cytosines to uracils while leaving methyl cytosines unaltered (EpiTect Bisulfite Kit, Qiagen, Germany) and eluted in 70 μL of elution buffer according to the manufacturer's protocol. CG Genome Universal unmethylated DNA (S7822; Vial A; Millipore, Billerica, Massachusetts, USA) and CG Genome Universal Methylated DNA (S7821; Millipore, Billerica, Massachusetts, USA) were used as universal positive controls in our study.

Methylation Specific PCR {#s2-0-4}
------------------------

The bisulfite-modified DNA was used as a template for methylation specific PCR (MSP). Methylated and unmethylated primer sequences as well as the annealing temperature and, product sizes are given in [table 2](#T2){ref-type="table"}. Each primer was designed to contain three or four CpG dinucleotides so that methylation-specific primers only amplified methylated DNA and unmethylation-specific primers only amplified unmethylated DNA. One microliter bisulfite-modified DNA was amplified in a total volume of 25 µL containing 1µL PCR buffer, 1.5 mmol/L MgCl~2~, 100 µmol/L of each deoxynucleotide triphosphate, 200 nmol/L of each primer, and 1 unit of HotStart Taq (ParsTous, Mashhad, Iran). Amplification included hot-start at 95ºC for 12 minutes, denaturing at 95ºC for 30 seconds, annealing at 66ºC for methylated primers and 57ºC for unmethylated primers for 30 seconds, extension at 72ºC for 30 seconds for 35 cycles, and a final 10-minute extension step. All PCR reactions have been performed triplicated to validate the results. The MSP products were then analyzed by 2% agarose gel electrophoresis shown in [figure 1](#F1){ref-type="fig"}.

###### BMP3 primers sequences, annealing temperature, and product size of MSP assay

  ---------------------------------------- ---------------------- ------------------ ---------------------------
  **BMP3 gene**                            **Primer sequences**   **Product size**   **Annealing temperature**

  Methylated                                                      146 bp             66°C

  Forward: TTTAGCGTTGGAGTGGAGACGGCGTTC\                                              
  Reverse: CGCGACCGAATACAACGAAATAACGA                                                

  Unmethylated                                                    143 bp             57°C

  Forward: TTTAGTGTTGGAGTGGAGATGGTGTTTG\                                             
  Reverse: AAACACAACCAAATACAACAAAATAACAA                                             
  ---------------------------------------- ---------------------- ------------------ ---------------------------

![Detection of unmethylated (Un) and methylated (Me) BMP3 in tissue samples of three patients with CRC (samples 1-3) plus positive and negative controls. Product size for the methylated and unmethylated bands is 146 and 143 base pairs, respectively.](mejdd-9-158-g001){#F1}

Statistical Analysis {#s2-0-5}
--------------------

Statistical analyses were performed using SPSS software for Windows™, version 15 (SPSS Inc., Chicago, Illinois, USA). Numerical data were expressed as mean ± SD. Pearson Chi-squared test was used to evaluate the association between the methylation status of the BMP3 promoter in the DNA from all tissue samples, as well as to evaluate the association between methylated BMP3 promoter, tumor location, patient's tissue (cancerous vs. adjacent normal tissue), and demographic variables, such as age, sex, and the TNM classification. A two tailed *P* value \< 0.05 was considered as statistically significant for all calculations.

RESULTS {#s3}
=======

Detection of Methylated BMP3 Gene in Colorectal Tissue Samples {#s3-0-1}
--------------------------------------------------------------

In the present study, methylation status of BMP3 promoter in 60 colorectal tissues (30 tumoral and 30 normal tissues) was studied. The correlation between BMP3 methylation status and clinicopathological features in selected groups is shown in [table 3](#T3){ref-type="table"}.

###### Relation of methylation status of BMP3 gene between adjacent normal and tumoral tissues and clinicopathological features

  ------------------------- ------------------- -------------
  **Feature**               **Results**         
  Age (Mean ± SD)\*         53.4 ± 13.71years   
  Sex\*                     Female              14 (46.66%)
  Male                      16 (53.33%)         
  Grade†                    1                   12 (40 %)
  2                         18 (60%)            
  3                         0 (0%)              
  Location†                 Proximal            4 (13.33%)
  Distal                    26 (86.66%)         
  Stage†                    I                   3 (10%)
  IIA                       20 (66.66%)         
  IIIA                      0 (0%)              
  IIB                       3 (10 %)            
  IIIB                      2 (6.66 %)          
  IIIC                      2 (6.66%)           
  Tumor invasion†           1                   1 (3.33%)
  2                         4 (13.33%)          
  3                         22 (73.33%)         
  4                         3 (10%)             
  Lymph node involvement†   0                   21 (70%)
  1                         6 (20%)             
  2                         3 (710%)            
  Size†                     ≤4                  6 (13.33%)
  ≥4                        24 (80%)            
  ------------------------- ------------------- -------------

\* *p* \< 0.05 & † *p* \> 0.05

Amongst 30 tumoral tissue samples, 17 samples were methylated, and merely 2 adjacent normal tissue samples were both methylated and unmethylated.

Based on our results, sensitivity of BMP3 was 56.66% and specificity was 93.3%. Methylation status (tumoral vs. adjacent normal colorectal tissue samples) of BMP3 gene, was significant (*p* = 0.001). Our patients had a mean (SD) age of 53.4 (±13.71) years. Nearly, 47% of the patients were female and 53% of the patients were male. The most common tumor locations were distal (86.66%), and proximal (13.33%) of the colon.

There were some significant differences between BMP3 methylation status and the clinicopathological features of the patients (*p* \< 0.05). Relation between BMP3 methylation status and several variables is presented in [table 3](#T3){ref-type="table"} indicating that there are some significant differences in normal and tumoral tissues between age and methylation and other clinicopathological features. Besides, the highest methylation status was presented in the mean age of 60.8 years. Moreover, the difference in methylation status between men and women was significant (*p* = 0.0001).

There was no significant difference between methylation status and grade of tumor, although most of the methylated tumors were in grade 2 (60%). Furthermore, the difference between stages was not significant, however the highest methylated tumoral tissues were in stage IIA (66.66%). There were no difference between methylation status and tumor differentiation and the number of nodes involvement (*p* \> 0.05). However, there was a relationship between methylation of the tumor and tumoral tissue size (*p* = 0.0176).

DISCUSSION {#s4}
==========

In the current study, BMP3 methylation analysis, which was detected with a sensitivity of 56.66% and a specificity of 93.3%, indicates its potentiality for early detection of CRC. Studies had shown DNA methylation especially at the promoter region of tumor suppressor genes, as an epigenetic alteration, has an effective role in cancer development.^[@R11]^ In recent studies, BMP3 is reported as a high-frequent target of epigenetic inactivation and has a high sensitivity and specificity for CRC, suggesting its utility as a molecular biomarker for early detection.^[@R12]^ In 2007, Hongzhi Zou and Jonathan J. Harrington, evaluated the methylation of BMP3 along with vimenten, ALX4 (ALX homebox 4), and EYA2 (Eyes Absent Homolog 2) in CRC. Methylation of BMP3 was detected in 66% of cancers, 74% of adenomas, and 7% of normal epithelia (*p* \< 0.01, cancer or adenoma vs. normal), respectively.^[@R13]^ In 2008, Kim Loh and June A provided a molecular and functional data supporting the importance of BMP3 silencing as an early and frequent event in colorectal tumors progressing via the serrated and traditional pathways. The frequent observation of BMP3 methylation in colorectal polyps and cancers, but not in normal mucosa samples, suggests that this may be an attractive target for the future development of molecular blood and/or stool screening tests for the early detection of lesions with neoplastic potential.^[@R14]^

Therefore, the clinical application of DNA methylation biomarkers in CRC is rapidly developing into a competitive scientific field and has been noticed by the commercial industry as a marketable product.^[@R13]^ In 2014, Cologuard®, an FDA approved colon cancer screening test, was developed based on detecting methylation of BMP3 and NDRG4 (N-Myc downstream regulated family member 4), as well as considering KRAS (Kirsten ras oncogene homolog) point mutations. It could detect 92% of cancers and 69% of the most advanced precancerous polyps in average risk patients.^[@R15]^

Based on our results, we assumed that solely BMP3 methylation analysis in our population is not enough to select the gene as a screening biomarker for CRC and it should be considered in combination with other markers. Besides, in our study there was no significant association between BMP3 methylation status and a number of clinicopathological features such as age, tumor invasion, stage, and grade of tumor. Similarly, Hongzhi Zou and colleagues showed there was no association between methylation status with age, sex, tumor size, stage, or grade for any of the four genes including BMP3, which they had studied (*p* \> 0.05).^[@R13]^ Loh K and co-workers also indicated BMP3 methylation was not associated with polyp size and anatomical location.^[@R14]^ In addition to CRC, BMP3 promoter hypermethylation and its decreased expression occurs in a number of other cancers such as biliary, gastric, and lung cancers indicating BMP3 hyperrmethylation status in cancer.^[@R12]^

This study for the first time reveals higher methylation rate of BMP3 in CRC tumors in Iranian population. We recommend further studies to be performed on larger sample sizes and we also suggest conducting prospective cohort studies in the CRC surveillance, which could help determine how this diagnostic tool in a combination with other hypermethylated genes might improve colonoscopy yield and patients' outcomes, and potentially lower healthcare costs.

CONCLUSIONS {#s5}
===========

To sum up, the BMP3 gene, as a tumor suppressor, is a high-frequent target of epigenetic inactivation in human CRC, distinctly suggested as a molecular biomarker for early detection; although our study did not confirm that it could be solely used as a biomarker for early detection of CRC.
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